BEST AVAILABLE COPY 




techn.ques and applications S X * 



FRANK /. CRIADO 
LUIS A. QUERAL 
PECGV PATTEN 

dryland Vascular Institute at TheUnion 



MD 
MO 
RN 



Memorial Hospital Baltimore. Maryland, 



USA 




Introduction 

When first introduced 30 v M .c 

l««unal angioplasty w as receivedL-f' pcrcuta neous trans- 
a near-inconceivable, d 2 cZr m ° St Vas , cu, ar surgeons as 
Prmaples. Instead, albeit unreco^T 6 hom ""Wished 
^ Dotter initially and c uenSTde ^ ?' * e w °* 
dawnmg of a new era ; ™?2L %* d f latcr si g" a »ed the 
created, and became the fir, 5^ Thc ba " 00n catheter was 

«*« mterventio^s, , k ST?"* t0 °' ° f the 
"dcrably i„ rccem > l h * ' refined and ,m provcd con . 

cost-efficient device fo?iSS^ ' VCrSati,e »<» 

Posed and developed over*/™ ^ eV ' Ces havc b «n pro- 
these have proven no ZZ ' Pa " 10 ycars - T "c majorirVof 
"loon: Several of these tec£ n ^ the Gruen ^E bal- 

— * -h 



attained percutaneously , b u V a a r ! CUlar lu ™ - dually 

open surgical approach is nreferThu SItua »°ns where an 
niques, namel ' angbp ast v eornec f ssa ry- Three tcch- 
m ^»*L^t^o£^ "f thrombolysis are 
armamentarium. Clinkal £h£,! ndovascula r interventionist's 
experience accumulated JonlT "* beC ° m ' ng clearer as 

experience with o USCfu] m ^ a "thors> 6-year 

tions. 1000 ^rapeutic transluminal interval- 
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General considerations 
1 

With few exceptions, local infiltrative anaesthesia (at the 
SUpp,emented intravenous sedation are 
utilized for all percutaneous repairs. Low molecular weieht 
Dextran ,s infused at the rate of 40 ml/h during, and after S e 
intervention for 24 hours. Anticoagulation with intravenous 
heparin ,s used in the course of all endovascular traiZS 
techniques, except when treating iliac stenotic lesions 

In endovascular surgery, aside from one's training and 
experience, nothing is more important than adequate X-«y 



fluoroscopy and angiography. The concept of a vascular for 
endovascular) suite has thus evolved: that is, a specially 
designed operating room equipped with a dedicated ceiling- 
mounted C-arm, and a carbon-fibre radiotranslucent operat- 
ing table. The system, created by International Surgical Sys- 
tems (Phoenix, Arizona, USA), is ideal for the performance of 
all types of endovascular catheter-based interventions, and 
any form of reconstructive vascular surgery requiring angio- 
graphy (i.e. distal bypass grafting). " 



Percutaneous access to the 
vascular lumen 



grade or «£££S%^^™£ — 
Lgament. Suprainguinal punctu" e'anenal I hi* ' 
comp resS ed effeaively after emova of J^T be 
troublesomebleedingrnayresui 11,6 ShMth ' 8,1(1 
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3b 




3a, b, c & d 




Plot's «!~. 
withdrawn (»). Single-wall p™S2e" a?v?«b1i wLT V 
paung the infusion of thrombolytic V^T »h ! ant '°" 
of open surgical access. An «el^ ^ 

Produced through the «o^JS^^^ 



toSoJSS. ° PCr " d ° nin8 iS C ° nfirmed ang '°- 



Transluminal recanalization, angioplasty and stenting 
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4a &b 

Retrograde puncture of the common femoral artery is a simple 
technique even when the pulse is barely palpable or absent (a). 
Using the contrast-filled vein as reference may be useful (b). 
Note the infrainguinal course of the needle. 



5a &b 

Unlike the above-described, antegrade femoral puncture (a) is 
one of the most difficult skills to acquire in endovascular sur- 
gery. In a significant number of procedures, direct puncture 
of the superficial femoral artery is necessary and desirable 
when the femoral bifurcation lies high in the groin (b). 'Road- 
mapping' fluoroscopic capabilities are extremely helpful in 
performing this technique. A test-injection of radiocontrast 
material will serve to define the vascular anatomy and ascer- 
tain proper positioning of the needle before introduction of the 
wire and sheath (inset). 




5a 




413 554 6?57 ?.S2/a2 
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Percutaneous retrograde puncture of the popliteal artery ts 
another useful technique in selected circumstances. Proper 
case selection U paramoune only patient* who can be demon- 
etnted (on pre-ptocedure angiography) to have a relatively 
normal. larg*<aubte proximal popliteal enery .re ehg>bU 
Trr^nf uT^epnaimal segment of the superfoal femoral 
artery, and is the common femoral artery constitute the best 
Ipptobons of this technique. The patient is first positioned 
ISSoBlbr the insertion of a smaD-caUbte retrograde feownU 
■ kU^T The ibeani u secured in place, end the panent turaca 
prone. Aa radiocontrast mntcrial is injected prueunally, the 
•visualized* popliteal artery is punctured under 'direct vision 
as seen on the fluoroscopy monitor. The subsequent steps arc 
emoly the same as described for fe-orul access. Due to the 
Poua^yier^Mtuicofbaen^u^ 

chtparin u itsr wiW in popliteal-access interventions. 



TOTAL P. 02 



Open surgical access 
7a&b 



A femoral cutdown is employed infrequently b«r 

be -».** m obcsi *> - d P«iems S'dt rtuh 
scars m the groin, The exposure need not be iSe-*«Z„ 
vessel control is not necessary. Aside from sfngT S£S 

lo^^ ^ ' ng w,thdrawal of the sheath, haemostas' 
SHelT* k Smg,C ^-^ht suture while «pX 
STJTfn " n lW ° DeBakey force P s W- Upstre 
^Ln?.v Stre3m < fem -P°P> Procedures if done a 
comitantly, require separate punctures as shown (b) 



Transluminal navigation and 
lesion crossing 

£Z£^«£t!S^ WrgCt ksion " - » itnpor- 
controJ is required. £?S fc T dUres - FluoroscEJc 
cross most tight stenoses S r ° phi,ic Rewire £f 

difficult lesion, ^ v «^«^L r s S '° nS - When fa <**a 
angiographic catheteris a vert '^f W,re with a straight 
crossmg (a) AJlowin ^27to l m r J ? oeuv « «> facilSe 
« th« regard (b, c ). 10 f °™ a J » also quite helpful 

'o traverse these ocdSSSS^K P ' aqUC - II is P"*" 
case of stenoses (d) Clot rhf f ' n the same ^ay asin tht 
often be , ysed succesSu'f" " eas 'Wtrated b/a^^ 

'"Proper posing it mmfZTL ^ ^ P^d 

Procedure. This is a fu^e'^, the endofZ 

intervenes ^ Pn " C1 P ,e a PP<icable to ail 
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Balloon angioplasty 
11 

•ndudc improved trackabilityXert^, ? S '^ ifican « 
"thctcrs. In nearly every instance ; P ? d Sma,Ier ^« 
now be utilized to dilate l« n 1 FrCndl outers can 
ocher territories Ln trovers v ^ '° WCr « tr «nit,es and 
of bailoon tafl«lo£S^SSSr ,mlfa « 1116 du ™ 
tor is any better than a simp? syrinx °£ P , ressu ~-gauge infla- 
and, at times, crucial OverdSf ^ T S ' 2 ' ng ' S ,m P° r - 
vessel wall beyond its no'™ f " T ° n ' nd Etching of the 
value, except - perhaos 'T' """"^ iS ° f ,inlc P««i«J 
cxpandaWe'stenrMor^ef P 'T d0n ° f 3 b ^ 

» a -re but not -nkiS^S^*^ T" ""^ 
renal arteries are especiallv ™ C subc 'avum and 

When in doubt, it ^batto unH ' . VCSSds in «gard 
further if necessary UndCfS ' 2C 3 ,itt,c and then dilate 

WS5J^^ -oovasclar pro- 
»on in cases of aortic biSiontn n " ?, USCful modifica - 
both iliac anery ostia 'ems Ire lesi °ns involving 

('««). Wh ile a 'good ^ro^oh^"^ 1 V 3dded at Dr ««" 
come, the complex obSS" S' > a , desirab « out- 
dients constitutes the • of transl «'onal pressure gra- 
a» iliac mtervembns ^ ""I*"* endpoint 7„ 



Haemostasis at puncture site 
10 

Care of the puncture site is a very imnnrranr 
vascular surgery. Manual compos SS fo 2° 
necessary, performed by an exoerienr J , 20 m,nut es 
manoeuvre should never bTleTto ^ 6 ^ member: " 
temic heparin in full doses haV^ e „ a w m,Ua,Cd - s > 
able to leave the sheath ^^^Sr^ " is adv 
removed in the recoverv mom W m,nutes . w hen it 

Femostop deviceTbe ™ m 7* ^V"*"^ found <■ 
routinely extremely helpful and now use 



11 (inset) 




Transluminal recanalization, angioplasty and stenting 
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12a, b & c 

The cross-over (over-the-hump) approach (a, b, c) is a useful 
alternative in some situations such as mid and distal external 
iliac artery lesions (too close to where the ipsilateral puncture 
site would be), common femoral artery stenoses, and other 
iliac artery lesions resistant to conventional retrograde cross- 
ing. This approach is also preferred for preliminary throm- 
bolysis of total occlusions. The technique involves the 
introduction of a curved catheter into the aorta, passed over an 
Amplatz superstirT wire. The wire is then withdrawn allowing 
the curve to re-form, and engage the contralateral iliac ostium 
as the catheter is pulled down while injecting small amounts of 
radiocontrast material. A standard wire is then introduced and 
passed downstream the opposite iliac system. 




13 

Long, 10 cm balloons arc often necessary for angioplasty of 
the superficial femoral artery. Here again, lower profile, ultra- 
thin catheters are preferred. 




14 (inset) 



14 



Balloon angioplasty of the small tibial-peroneal v««m 
those affecting the proximal cdf^e^nSSi 
artery. Angioplasty of a flow-limiting foSlSonln the 

Small-vessel angmplasty should only be attempted by experi 

oponses with the adimmstration of intra-anerial nirrn 
glycenncm increments of 100 (tg. Uro " 




Stents 



15&16 

^tL^.SSSJ^^ is • P^icaHy uscfu , 
problems Joria.e I w^ ™ * °* mechanical 
D 1 ss e aionsJerpSuSl^r n h VCnt, H nal ba,,0 ° n dilatat '°"- 
all be neatly'snSS ou t Z T™ 1 fla P s « 

of an intravascular stent ^ W,ch ""Plantat.on 

wSi^K^^-^'* s,cn * 

1989. Secure moumin^L, CXpcncnce ^ginning in 
is paramount A^n.? ° n a PP ro Priate ballon 

^vv^^NotSs m ^^ nal tCChniCal ^ficauon is 
available. 0WadayS ' ma nufacturer-premounted stents arc 

stsr. T rding ^ 

can be enunciated ' ° f • eU "«»««Aed principles 




Transluminal recantation, angioplasty and stenting 
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18 




17a, b&c 

stent implantation contraindication to 
for an ^pla^nT™;^ ^' dew '« >* then exchanged 
Fr~, JLr^ • su P«wff wire with the aid of a small cL* 
French) ang:ographic ('exchange') catheter c ? X ■ 
important technical a~. * J l*> c ->- 1 "is is an 

wire one can 'straiXL"^ , ° reOVer ' wth such 
can straighten moderately tortuous iliac arteries. 
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19a,b&c 20 

^s^ss^^^^^t ,one sheath> ° n ° ccasion ' h is advisat,,e w effect tw ° furd,er baii °° n 

ta.^^^^KL^^^ "onsatci.hcrcndofthcsccnttocnsurcop^.dcp.oy.ncn, 

protective conduit for insertion and advancement of the stent 

mounted on the angioplasty (6). Once the stent has been 

positioned exactly where desired (under fluoroscopy), the 

sheath is pulled down to allow unimpeded balloon inflation 

with full expansion of the stent and incrustation into the 

vessel wall (c). 



Transluminal recanalization, angioplasty and stenting 
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If more than one stent is deployed, the devices should be 
imbricated over 20% of their lengths, beginning with the 
most distal (from the introducer) and proceeding proxinially 



A modified simpler technique has evolved more recently It 
cons.sts of primary stenting, without pre-dilation, and utiliz- 
ing a conventional 7 French short introducer sheath These 
modifications are not recommended to the inexperienced 
However, the availability of low-profile, pre-mounted stents 
have made these changes logical and quite safe. Omitting the 
preliminary angioplasty can be troublesome, though One 
must learn to distinguish those lesions which are heavily 'calci- 
fied and so hard that they are not amenable to balloon expan- 

hZLVl J! " PCrf0ratC ^ ba, ' 0On "PO" inflation (see 
below). In addition, extremely tight stenoses may not easily be 
crossed with a balloon/stent catheter: it pays to be cautious 
and predilate in all such circumstances 




21 




22 



Stenting of the superficial femoral and popliteal arteries has 
yielded results which are much inferior to those obtained in 
the iliac system. In fact, it may not be any better than conven- 
tional balloon angioplasty. It is only in selected lesions and 
circumstances that stenting can be justified for those seg- 
ments. The access is the same as with simple angioplasty 
Multiple stents are often needed. Prolonged anticoagulation 
with warfarin may improve mid/long-term results for those 
patients. 



22 (inset) 
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23a 






23 (inset) 



23c 




23a, b & c 

Focal lesions of the proximal subclavian artery (a) lend them- 
selves weli to endovascular therapy. Balloon angioplasty w£h 
or without stentmg, is rapidly becoming an impoSan^e a 
peut.c alternative for these patients. Retrograde access 
trough the brachial artery is p referr ed. Although perSta 
neous puncture (b) is quite simple, the potenualfor^erious 
penpheral nerve complications make it less attractive Open 



surgical approach requires a small incision and local anaes- 
thesia only (c). Direct and indirect (haematoma-induc«i> 
nerve injury can be avoided reliably. Markedly curved sub- 
clavian arteries can be very difficult for advancement a»d 
deployment of the Paimaz device; simple angioplasty, or a 
more flexible stent (i.e. wallstent) may be a better choice « 
such instances. 



Transluminal recanalization, angioplasty and stenting 
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24a 




24d 



24 (inset) 



24a, b, c & d 



Innominate artery lesions (a) may also be treated by the same 
method. Our preferred technique involves limited exposure of 
the proximal common carotid artery through a short-neck 
incision, and vascular control with flow interruption during 
angioplasty /stenting (Jb, c). By so doing, the proximal common 
carotid artery becomes a static fluid column, with flow con- 
tinuing through the subclavian artery only. Should emboliza- 
tion occur, the potential for serious consequences is clearly 
diminished (d, inset). 



IS 
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Problems and troubleshooting 
25a, b & c 

Heavily calcified lesions, with intraluminal spicules and rough 
edges may pose a serious problem if the balloon is pierced 
halfway through inflation (a, insei)> leaving an incompletely 
expanded stent (6). The device is fortunately often anchored 
enough, albeit precariously, as to allow exchange for a new 
balloon which will - hopefully - complete deployment (c). On 
occasion, it is possible to forcibly inflate the balloon for full 
expansion in spite of the leak. Use of the angiography power 
injector may also be a useful manoeuvre to effect full inflation 
of the ruptured balloon. 




Transluminal recanalization, angioplasty and stenting 



67 



26 



It has happened that the stent becomes detached from the bal- 
loon during initial transluminal navigation. Retrieval involves 
withdrawal of the balloon, and insertion of a smaller angio- 
plasty catheter, perhaps of the coronary type. Such balloon 
should be able to re-enter the stent, and after being inflated a 
little, achieve better attachment of the stent which can now be 
carried upstream on the balloon (inset). Partial deployment is 
effected with this small balloon at the desired location, and 
then a larger balloon will complete full expansion. The other 
alternative, which may have prevented such incident in the 
first place, involves the introduction of a long sheath as shown 
in Illustration 19a. Once the stent is within it, they can both be 
extracted together. 





27 



Finally, it must be realized that a previously stented vessel 
segment cannot be clamped or repaired directly. If surgical 
reconstruction is necessary, exclusion/bypass or replacement 
are the better alternatives. 
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Endovascular grafting 
28&29 



The use of stents to attach endoluminal fabric grafts is an 
evolving new horizon for this technology (2sfta £5 
mmed.ate and exciting application is to achieve t ans lunZ 
exclus.on of aortic aneurysms as championed by p£Tcm- 
figuranon of the stem-graft device is as illustrate^ The 

on Lni' VCry S t eath W,th itS aSSCmbled "ent-graft mounted 
on a balloon catheter is tracked over the wire via retrograde 
tnmslummal approach after introduction through fcmoral 
artenotomy. The size and relative rigidity of Z devicT (18 




28 
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